
------ ------

,&

RfCEIVEDB’fOSTI MAYo6-

TITLE. EXPERIMENTSON r)-KESON PRODUCTION
LA-UR--85-1511

DE85 010724

AuTHOR(S) J. C. Peng

SUBMITTEDTO. AIP Conference Proceedings, Conference held at Tempe, AZ,
March 10-14, 1985

DISCLAMER

Tbbropmwos~rsoo uQIMIofwork~byonw dtlnUnhdSma
OuwnmmN.Ndtk h [Jrrltd W- ~lowony~lkd, maayoflboh
om~ o14bMy WarTooty,Oapa m Impud! m mullmMylo@ lAobultyar~.
ltullyfwtbooewoq, Oilmmoc ~donyioformh aPIM8hsmprdx a
~~or ~Lohmltouoo wmldnathf~pcivatdy ownalr$@to.Rofor.
oaahor8b loooyopodrIOaxnmorM FmhrcLpwm!or=wiabyw donollmlrdmnrk
Ulonufocluro?,w ~ * - ~ -Uto or tmplyILOo@momoaL~-
modmloa,a fmdos ky h Udtd Stota omamaoal mMya@aay lbora!f.nlo Vko
Ondopiokt ao!.fmhwooapmudwdo w ~rilyowo orrofktttmodtbt
udld stow Omomrnatas /AgmQylborod

LosAslanrms
mmw%mznw

*Los Alamos National Laborator
Los Alamos,New Mexico 8754 5

MAmR

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



EXPERIMENTSON II-MESONPRODUCTION

J. C. Peng
Lo, AlaDos National Laboratory, Los Aksos, NM 87545

ABSTRACT

Followhg a review of some highlights of -son characteris-
tics , the status of -son production ●xperiments is reviek.d. The
physics nmtlvations and firat results of two LAMPF●xperiments on
(w,q) reactions are discusged. Possible future experiments are also
discuseed.

1. INTRODUCTION

The ●xistence of several -son factories has greatly advanced
our knowledge of pion-nucleus interactions. At the same time, the
relatively low intensity kaon beams f:om several proton~ynchrotron
acce-.erators have also provided a first glance at tke kaon-nucleus
and hy~eron-nucleus interactions. In contrast, the roles of heavy
mesons (l. w, 0, IY, etc.) in nuclear physics have received little
attention ~T to now. Very little information exists on the interac-
tion between these heavy mesons with nucleon5, and almoat nothing is
known about their interactions with nuclei. Some of the motivations
for studying these heavy mesons, In the context of medium energy
nuclear physics, are the following: ‘irst, the microscopic struc-
tures of these ❑esons are distinct from those of the more familiar
piona and kaons. A comparative study of the response of these varl-
ous meson!- in the nuclear ●nvironment could reveal phenomena which
can only be understood by the subatomic (quark and gluon) degrees of
freedoa. Second, the heavy mesons are responsible for nuclear forces
aL intermediate and short diatancea in the conventional One Boson
Exchange (OBE) models. The advent of QCD advocates ●xplicit consid-
●ration o. qtlarksand gluons at such short distances. A better
knowledqe of the nature of heavy mesons in a nuclear medium can help
to reconcile these two apparently different approached. Third, varl-
oti~s theoretical models devised PO describe phenomenologles in the
pion-nucleus inceractlon could be significantly tented by thefr
ability to describe various aspectu in the interacc:onn of heavier
mesons with nuclei.

In this paFer. we will disruss some n-meson production experi-
ments being pursued at LArlPF. The physics motivations of these ex-
~erjments and other possibla future experiments will be presented.
Some of the phyaico issues in n-meson pr~ductlon are common iosues In
the production of all heavy msmone. In this respect, the n-meson
prodvctlon experiments co~ld serve ●s a pro~otype for future etudies
of heavy meson production.

We will first summarize briefly some pertinent properties of the
n-mason. The current ●tatum of n-son proriuction on proton and on
nuclear targets will ihen be reviewed. The physics motivation and
some first rgsults of Haeson production experiments at LAIIPF will be
diacuaaed.



2. HIGHLIGHTS OF n-?iESONPROPERTIES

A. Comparison between ~ and ~“
The n-mason is a pseudoscalar meson classified in the same SU(3)

octet as piona ●nd kaone. Figure 1 shows that &he rl-meson accupies
the sums location in the SU(3) diagram as the w . It is nstructive

ito compare the properties of the
Y -son wi~h those of the wre
A MO familiar w -menon, ●s shown in

K“
I - ?

..-.--@ Table I. Both mesons have the same

#f ‘\ quantum numbers
t charge parity (J

;’

$~:p~~parity, and
1. The Mjor

\ difference is in the isospin (I = 1
0 - + (30 ‘y” for W , I = O foz n). This differ-

?t ence is reflected in th~ir quark wave
\\ 1 functions; while both w and n heve

‘!s..+:
the u~ and da (they couple to

-1 -

K-
1 = 0,1) components, only n contains

1 1 1 -1, the s= (it couples to I = O only)
-1 0 I component. The conventional wisdom

Fig. 1.
about strange quarks being more

SU(3) pseudoscalar massive than the up and down quarks
meson octet diagram. is consistent with the fast that 9 is

four times heavier than ‘ . With the
absence of str ng de~.ys, the lifetime of r! IB relatively long,8
Analogous to w , n decays through electromagnetic interactions with
the 27 emission being the most dominant channel. however, the larger
available phase space leads to a st,orter lifetima for T’1, am well as a
larger variety of decay channela.

Table I. Comparison between n and no mesons

n w“.,

J PC o-+ o-+

(I,IZ) (0,0) (1,0)

Quark w.f. (ufi+dJ-2aS)/J6 (uti-dJ)/42

Mas~3 548.8 MeV 134.9 MuV

Me8n life 0,75 X 10-lE sec 0.83 X 10’-’6 S6iC

B.R, of ?Ydecay 39% 98.8%

B. Quark Contents of v
The quark wave function of n listed in Table 1 is for a pure

SU(3) meson octet. As SU(3) in only ●n approximate symnetry, the
phyaicmlly obaervad Wmeaon in ● mixture of c
SU(3) octat and singlet atatea:

8 and ~1, which ●r, the

1

qm~acoae
P

- III sin Op



.

.

~ + q Cos epn“ = n8 min ~ (1)

~(uii+d~-2s6), n1=‘8=6 &lti +dd + sE)

The pseudoscalar mason
9

xing angle o is determined to be ●bout -10°
from t~e Gell-14ann-Okubo mass formul~, andalso fiomthecomparison3
Of r(t + 2y) with r(~ + 2Y).

A further catiplication arises fro
act ions ~ausing dXing between

~ and ~~misaspfnviolati~ inter-
~alitz and Von Hippel

estimate the mixing angle ~nwo to be 0.61 from the followlng rela-
tion:

AnwO . 3-112(+o - ~:+ + + . ~;o)/(m;o
- +

Gross et al.s also relate this mixing angle to the mass difference of
the up and down quarks:

sin Anno - 31/2(md - ~)/4m~

The ob ervation of the $(3685) + W“ decay was considered8 Y
evidence

of n-n mixing. Cutkosky suggested that a careful measurement of
the n-p charge exchange reaction around the n threshold could
identify effects due to th~s mixing. I& remains an interesting and
challenging task to investigate the q-w mixing.

In principle, the IPUK!SOncan i,lso contain charm quarks
b

hrough
the mixing between n and nc. Indeed, this mixing was invoked to
explain the anomalously large branching of the ~“(3685) + Vrl decay
(B.R. - 2.8 ~ 0.6%).
Although the exact quark
contents of n are still
somewhat uncertain, it can
be concluded that ~ contains
u;, da, s~, and pc.sibly c;,
with s= being the most domi-
nant component.

c. $wu!ssdes of !
Table ~1 sho s the most

Yrecent tabulation of the
branching ratios of varicuE
decay modes of the n-meeon.
Although the n-mason is suf-
ficiently maneive to decay
into three pionn, the n + 311
decay vioiatefi C-parity ●nd
proceeds via electromagnetic
interaction. The a + 2W

Table II. n decay nwdes

Charm. 1 ?raction ,
YYO (39 ●CI * i).fj )x
31 (31. n f O.R )%
&~ ~ ( 0.10 * 0.02)X
ll+mw (23.7*0,5 )X
W+m-y ( 4.9]i 0,]3)X
●+9-Y ( o.50~0.12)X
U+U-Y ( 3.1 ioo~ ) “ lo-b
●+e- (<3 ) M ]()-~

u+ll- ( 6.5 * 2,1) x 1o-6
ll+n-.+.- ( 0.13*0,13)X
W+w-y

~ (<0.21 )x
W+W-my (<6 ) n 10-~
ll+m- (<0.15 )%
~Oe+e- (<5 ) n lo-s
*OP+u- (<5 ) M ]()-6
wOu+v-Y (<3 ) M 11)-~

dscay is both P and CP violated. The ~ + 2Y ●nd n + 3n decays are
the two ❑oot dominant electromagnetic decay channels. Asniua
self-conjugate particle, the decay of ~ provides an interesting test
ground for searching for poseible charge-conjugation (C) violation in

$
mlect omagnetic interactions. In particu ●r, ●ny differ nce between$-0 $
the w ●nd W- energy spectra in the n + w v w ●nd v + n II-Y decaye



would be good evidence of C-vtolatlon. In fact, early ●xperlments9
dtd show some evidence of C~i”lation; h ever, these early results
were not supported by later experiments. fll Here ●ccurate experi-
ments would be worthwhile for settling this important issue.

It appears that there is
modes.

~oom for improvement on several n-decay
For example, the ~ + w YY decay w

b-anching of 3% until a recent experiment
l! thought to have a

Ii
showed that the branc ng

is only 0.1%. The upper limit o ~
!

the n + W+w- is only determined
~t 0.15%, and the n + e+e- decay has not been observed yet.

D. nN Scattering Le~th and Coupling Constant
Our current knowledge about the n-nucl~on interaction is very

limited. One can mske a simple*observ#tlon that, unlike the mN sys-
tem which couples to both the # and N resonances, th~ nN system
only couples to the I = l/2~ N resonance. Several N ~esonances
actually have nN as an important decay chanfiel, as shown in
Table III.

Table 111. CouDlinE between N* and ntl

Resonance Jp L- nN Branching

N*(1440) 1/2+ Pll 8-18% —

N*(1535) l/2- Sll -35%

N*(171O) 1/2+ P,, ’25%

The T-p + ~, and the K-p + nA reactions have been analyzed14 to
deduce the TINand l~Ainteractions. In particular, the scattering
length has been calculated and the possibility of nN bound o
resonant states was discussed. In a K~atrix analysis, Tuan 14 calcu-
lated th ~N scattering length to be a = 0.83 + 10.05 fm. Bhalerao
and Li.)’ using an Isobar made] to analyze all available W-p + nn
data, obtained very recently an nN scattering length of
a = 0.28 + 10.19 fm. In both analysetr, an attractive interaction be-
tween n and nucleon is deduced. This si ation is distinct from that
of the low energy flN and KN interaction, Ill where scattering lengths
imply a repulsive interaction.

One quantity relevant to the strength of the nN interaction is
the coupling cGnstent G,)m. Several mtthods have been used to deter-
mine the magnitude of Gn~. In the SU(3) model, G

T :;er;;&:o;?6the well determined WNcoupling constant CW~ throug

GqNN“ 3‘lhG *~(3-4a) ; a_~/(D+F) (2)

where a is the fra
decay experiments,

!Ijion of D-type SU( 3) octet coupling. From hyperon
a is determined to be between 0.60 ●nd 0.66.

This gives a value of G* /G2
method used to determfn~~n ‘~

between 0.043 ●nd 0.12. Another
s ~r~m the rati~ of ‘~e~~~~~a~~e+ ~A

cross secti~na ~$ the teact&e w p + nn and w p + R n
●nd !(-p + II A). If one aaaumes that the backward-produced 11and W“
in they reactions are $om&nated by nucleon exchange, then
G;n/GWm - u(ll-,rl)/u(ll ,W )0 This method given ● value of 0.18 to



0.45 for G2~/G~~. Finally, from the fit to low energy nucleon-
nucleora scattering data in the One Bosotl Exchange model, the ~ cou-

tabulation.t~t ‘s ‘iven aa G2a/G~
pling const

7
- 0.29 III the most tecent

It can be sumrize that Gw is not yet well deter-
mined. However, ●ll widence so far points to a significantly weaker
~N coupling than the ~ coupling.

It is also of interest to examine the role of -son in nuclear
force. In the One I!oson Exchange model, the n-meson can contribute
to the spin-spin interaction and tensor force

As a result of the large mass of n and the small nhlcoupling, the
contribution of TIq~on exchange in the NN force is small and not
clearly identified. A ;I lar situation has also b n found in the
hyperon-nucleon interaction ti andthe!!N interaction>$ Itappears
that the n-meson plays a rather insignificant role in the OBE model
to account for nuclear forces.

3. n-MESON PRODUCTIONON PROTONANDNUCLEARTARGETS

A. me W-p + m Reaction
Table IV lists the thresh- Table IV. Elementary prctesses for

old energies for various pro- n-production
jectiles to produce Wmesons on ——

proton. The proton-induced Reaction Threshold
o-productioninvolves three- —
body final states making it not p “ p + n + p + p 1987 MeV/c—

so desirable experimentally. 11-+p + n+ n 686 MeV/c
The kaon-induced reaction
suffers from the low beam in- K“-+p+n+A 719 MeV/c

tensity and a small cross sec- Y+p+n+p 710 MeV/c
tion. A more favorable reac- —=
tion for n-meson production is
the n-p + nn reaction. As shown in Fig. 2, the integrated cross sec-
tion23 of this reaction rises rapidl, once the pion momentum is above
the threshold, reaching a maximal cross section of 3 mb around 800
MeV/c before f6.llinggradually as the pion momentum further in-
creases.

Figure 3 shows
2k;9k

at energies slightly above threshold the an-
gular distributions of the (~,n) reaetion are nearly isotropic,
reflecting the do#nance of S-wave production near threshold. The
coupling to the N (1535) S11 ~jsonance ~F responsible for this s-wave
dominance. A recent analysis using an off-shell isobar model gives
an excellent description of the n-p + nn differential cross sections.

B. O-Meson Production on Nuclear Targets
There exist only a few n-meson prod

targets. About half a dozen experiments
y~;$~n experinnts on nuclear

of :he (~,n) reaction
on nuclear tar~ets have beer,reported so far. These experiments all
have the common featurea that very high energy pion beams were used
to measure inclusive (~,m) cross gectionso No attempts to measure
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Fig. 3. Angular distributions of the W-p + ~ reaction from
Refs. 24 and 25.

discrete nuclear states have been made. Figure 4 shows the inclusive

;:;&B::t;;:2t
U/dt(fi-,n) on a number of nuclear targets meaaured by

The ahape of the differential cross section does not
vary noticeably with the target mass. However, the magnitude of the
cross section increases steadily with the target maae. From this
mass dependence, the ~N total cross section

27
(N) can be deduced.

This method has alao been used to determine the total cross sec-
tione of other ehort-lived meeona ouch aa p, U, and f. Figure 5 ehowa
a tabulation of at(~) determined from th ●xi.-ting tl-production ex-
periments on nuclei. the M total cross eectiono ●re observed to be
afgnificantly smaller than the WNcrose section (dashed curve), but
in rather good greemant with th~ predirtim of ●dditive quark model

28[solid curve):
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om - ‘“K+p + ‘K-p + ‘K+n + ‘K-n)/3 - (Uq+p + Um-p)/6 (4)

The back-angle cross section of a proton-induced n-produc
reaction pd + 3He~ has been measured at several beam energies. tb:!lo

Figure 6 shows that the back-angle cross section increaces at lower
beam energies. In fact, the three low energy data points were mea-
sured below the pp + pp17 threshold.
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Fig. 6. Back-an~le cross sections of the P + d + 3He + n
reaction. The curve is drawn through the data.

4. (T,?l) ~xPER1mNTS AT LAMPF

In this section we will discuss two LAMPF proposals31,32 on

(~,~) reactions. The physics motivations and some first results of
these experiments will be presented.

A. Physics Motivations
There are several ways to look at the (Wi,n) reactions on

nuclei. First, t~eyocan be viewed as a charge exchange reaction
similar to the (g-,m ) or (p,n) reactions. Indeed, from the simi-
larity between T and n discussed earlier, it Is plausi~leothat the
(m-,n) reactions could bear soqe ~esemblanc$s to the (TI,~ )
reactions. However, unlike (W ,m ), the (n ,~) reactions Involve two
particles belonging to different ts$spin multiples. Therefore, the
charge-exchange+.~e hanism in the (n ,n) reaction could be diffe~ent
from that of (~-,~ ). Another important distinction between (n ,n)
and the u$ual charge-exchange reactions is the large mass difference
between W- and ~, which implies a relatively large momentum transfer
(’”250Me’J/c)even at small reaction ~ngles.
ities and differences between the (n

‘n ‘~~~~$)t~~a~~~~l~~-
*n) and the

it+wo~ld be interesting to compare (r ,n) data with ;he extensive
(n-,n ) dat~ already obtained at LAMPF.

The (m ,n) reactions can also be ~jnsidered
tion of the Wneson, analo~ous to pion or kaon3f;sc&~~t ‘rOduc-
productfone. A study of the coherent n-productionmechanism night

below the free threshold~~lem ‘f coherent “aroduct~on’ ‘spec’ally
shed some light on the pr

The threshold of the (m ,n) reactions is
significantly lowered on nuclear tergetsw As an example, the thresh-
old of the 3He(W-,n)t reaction is 583 MeV/c, more than 100 MeV/c



.,

lower than the free threshold. An interesting feature of the (n,n)
reaction is shown in Fig. 2. The (m,~) cross section rises rapidly
toward the maximal value once the pion momentum is above the
threshold. This “step function” behavior implies a very sensitive
dependence of the subthreshold n-production yield on the momentum
distribution of nucleons in Ituclei. Therefore, the subthreshold
(fi,~) reaction could be a sensitive tool to measure the high energy
tail of the nucleon momentum distributio~.

Another Important feature of the (n-,n) reactions is thut the
appearance of ~ in the exit channel should provide information about
the ~-nucleus interaction, which is unknown at present. The
n-nucleus distortion in the exit channel should affect the shape and
magnitude of the differential cross sections, and a quantitative
analysis should lead to useful information+,about this interaction.

While it would be most exciting if (n-,n) reactions can populate
selectively some d?screte states (such as IAS in the (n+,n) reac-
tion), It would be very interesting rieverthelessto study the inclu-
sive ~-production as a function of pion momentym and target mass.
The rather energetic pions required for the (w-,~) reactions have
long mean-free-paths and can probe not only the nuclear surface, but
also the nuclear interior. From the mass dependence of the inclusive
(~,~) cross section, one expects tc extract nN total cross section.

B. Proposed (W,n)_Measurementsat LAMPF
At the LAMPF Ps channel, a pion beam up to ’750 MeV/cj6about

60 MeV/c above the (n,?l)free threshold, can be delivered. This
limits the (n,~) reaction to be studied near the free threshold or at
subthreshold. Fortunately, the peaking of the (n,n) cross section
near the threshold energy and the interest of studying subthreshold
(r,~) mechanisms make thfs limitation unimportant. The W- flux at
The P3 channel drops rapidly toward high momentum (105/scc for
700 MeV/c ~- beam). Fortufiately,the more intense n+ beam can be
used for n-production on nuclear targets through the prccess
I/+n+ np. In addition, ttieflux improves rapidly for the lower
energy pions used for subthreshold “ r

o
‘sp:~;~~e~~~?$ ““‘) experiment q~peki~ent~ .

we will use the existing LAMPF
n to measure the t$o energetic gammas
n-mesons, and the Large Acceptance Spectrometer (LAS)38m;:t::a::re

the tritons emitted in the 3He(~-,n)t reaction. The n-R + W reac-
tion, ~hicb has been measured at other laboratories,24”5 will be
used to optimize the q-detection system tmd the characteristics of
the P3 beam line at this relatively high momentum.

We plan to measure angular distributions of the 3He(T-,n)t and
the 7Li(fi+,n)7Be reactions. The 3He(T-,n)t reaction has the advan-
tage that the triton ground state can be resolved from the continuum
because of a 5 MeV gap between tham. Furthermore, a complete angular
distribution can be obtained by measuring the recoiling triton with
the LAS
Bhalerao??ectrO~ ters.

Figure 7 shows a DWIA prediction by Liu and
3He(~-,~)t reaction.on the angular distributions of the

Both momenta chosen in the calculations are below the free threshold.
The back angle c&ess sections are predicted ta be sensitive to the
pion phase shift used in the input.
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Fig. 7. Predictions of the 3He(m-,~)t cross sections from

;:;;t;:&o
The two curves correspond to different pion phase

We also propose to set the ~“-spectrometer at 0° to survey the
(fl+,~)reaction on a number of targets ranging from 7Li to ‘20Sn.
The selectivity, the mass dependence, and the energy dependence of
the (fi+,q)reaction should be revealed in these measurements.

In the second (n,~) experiment, we pla~ to construct an Wspec-
trometer and concentrate orImeasurin~ the inclusive (n,~) cross sec-
tion on target ranging from deute~lum to Ge. The n-spectrometeris
identical to the existing LAMPF ~ spectrometer in terms of the
principles of operation. However, we propose to use NaI crystals for
the converters and the total absorption counters. This allows us to
have a compact spectrometer w~th roughly the same overall acceptance
in solid angle as the LAMPF n spectrometer. In addition, the NaI
total absorption counters act independently as high resolution gamma
ray detectors.

c. Results of a First (m,q) Test Run
An initial experiment* to measure the (r,n) reaction was per-

formed at the P3W channel for three days in September 1984. The

*Participants:—-J. E. Simmons, N. Stein, J. Kapustinsky,
D. H. Fitzgerald, T. K. L.i,and J. C. Peng.



purpose of this short run was to measure pion flux at relatively high
momentum (-700 MeV/c) at the P3 channel, and to observe the (m,n)
reactions for the first time at LAMPF. The experimental setup is
shown schemst’.cally in Fig. 8. The S1 scintillator Is placed in the

Fig. 8. Experimental setup for the (n,~) test run.

beam to count the incident pions and to provide a start signal for
the neutron time-of-flight. Four setsoof EGO $ounters, each a
3-in X 6-in cylinder, are placed at 50 and 70 with respect to the
beam direction to measure the coincident gamma rays emitted in the
n + 2Y decay. Four sets of scintillation counters placed 4 meters
from the target detect neutrons from the m- + p + n + n r~,~ctjon.
The target is surrounded by six scintillation coun~ers vet~.~.,,even:s
accompanied by charged-particle emission.

From the difference of the CH2 and carbon target m~asurements,
the ~- + p + ~ + n rer~tion was measured at 705 MeV/c n incident mo-
mentum. In addition, inclualve ~-meson production was also observed
for 11-on ‘*C target at both 705 MeV/c and 670 MeV/c, the latter mo-
mentum being below the free threshold,

With 0.5 mA proton curtent and a 1% momentum acceptance in the
P3 channel, the m- flux on S1 is measured to be 0.5 X 105/sec and
3 x 105/see, respectively, at 705 MeV/c and 670 MeV/c. This is in

~~~~~!lle ag’cement
with the extrapolation on previous measure-



Figure 9 shows the neutron TOF spectrum obtained with 705 MeV/c
~- beam on hydrogen (CH2-C). Four peaks are clearly visible in the
spectrum. The peak at the shortest flight time is due to gamma

’705MEV/C II-ONP (CR–C)

000‘1

3oo-j
200

10C

o
L
4

-1OO4———W

* p(fr;n)n’

IJll—.—

—. p(n;n)q

I

li$o 260 &) Xio Xi) 4

TDCCHANNEL

)0

Ffg. 9. Time-of-flight spectrum of the neutron counters.
705 MeV/c n- bean on proto~.

flashes. They are attributed mainly tG To produced in the p(fi-,fio)n
reaction. The peak nextoto the gamma flash corresponds to neutrons
coming from the p(fi-,n)~ reaction. Finally, the two remaining peaks
are identified, from the flight time, as neutrons emitted in the
11-+ p + n + n renction. These two peaks correspond to neutrons
produced, respectively, at forward and backward angle in the center
of inass system. Preliminary results obtained for theocroe8 section
of the p(II-,
~~c,m2i~) - ~j~jeact’on are 88 ~b/sr (ecom~~) = 144 ) ad 86 ~b/:rThis is in good agreement with previous measure
ments at similar ~- beam energy.

Evidence of n-production has also been observed with the BGO
counters. The n + 2Y decays are characterized by a coincidence of
two energetic gamma rays (E

kt
> 600 MeV) hitting the left arm

(B1,B2) and the right arm ( ~,B4) of the BGO detecting system. In-
variant mass can be constr~cted for each of the four left-right pairs
of BCO counters. Figure 10 shows the invariant mass plots for
705 MeV/c W- on CH2 target. The presence of n-meson is clearly
observed in these plots, with the exception of the plot for Getectore
B2,B3 which subtend too sma 1 an opening angle.&

(The ~inimal opeuing
angle for 100 Mev ~ ia ’115 , while B2,B3 subtend ‘1OO .) With this
relatively simple gamma-ray detector nystem, a total of ’500 n events
have been identified with ‘“7 hours of u- beam,
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for the four left-right pairs of
BG”Ocounters. 705 MeV/c ~- beam on CH2 target. “ “

The n-production on carbon targete with 705 MeV/r and 670 MeV/c
~- beam han also been observ?d with the EGO countere. Preliminary
results indicate that at 705 MeV/c the v-production‘rateon l*C
target iEIa factor of 3 lower than on hydrogen target. If this re-
sult is confirmed by further analysia and experiments, it could imply
a rather strong absorption of n-meson in nucleus at this energy.
This 1s eomewhat surprising since the rl-nucleoncoupling constant was
predicted to be much weaker than the n-nucleon llng conRtant.
Furthermore, inclusive (fi,~)reaction measured28:19 at higher pio~.
momenta show the cross section to Increase monotonically with target
mass. Another preliminary result obtained in this experiment is that
the n-production rate on *2C at 570 MeV/c (subthreshold)is only a
factor of two lower than at 705 MeV/c.



5. FUTUREPROSPECTS

From the results of the two W4PF (m,n~ experiments, scheduled
tc run in th~ near future$ we will he able to judge the full poten-
tial of the (fi,~) program at LAM .

(J
We will discuss in the following

some possible future experiments on ~~son physics.
As discussed earlier, very poor experimental limits exist on the

~ + T+m- and ~ + e+e- decay modes. To improve on the accuracy of
these decay modes, one needs a more elaborate neutron detector system
to tag on the production of n (from the m-p + m reaction). One im-
portant feature of the n-p + ~ reaction near threshold energy 1s
that neutrons are emitted in a small forward cone in the lab ayatem.
With a 25” X 25” neutron detection system and a 20 cm liquid hydrogen
target, an n tagging rate of 2 X 104/hcur cat be obtained.

am

o
m m em moo 1100 lam

Pti(m-) (MeV/c)

Fig. 11. Momentum of the ~ meson
produced in the n-p +o~~ reaction, with
neutron detected at O .

One interesting fea-
ture of the w-p + m re-
action (or the r+n + TIP
reaction) is that u c~n
be produced nearly
recoille~sly. Fi !re 11
shows the momentum of n
whenoa neutron is emitted
at O . The ~ momentum is
in general small and the
condition of recoilless
production of n is in
fact reached at 900
MeV/c. Therefore, it
appears that the (n-,n)
or the (m+,p) reaction on
a nuclear target could be
used to search for any
bound or resonant ~-
nuclear states. FOII such
stl~testo exist, the n-
nucleus interaction has
to be sufficiently
attractive and, further-

more, the lifetime of ?lin a nucleus ca
couraging that the ~N scattering leugth

~~~~5betooehort. It is en-
indicate; an attractive

TINinteraction.
A comparison of the m- + 3He + n + t raaction with the

m+ + t + n + 3He reacticn could provide interesting information on
the Ieoepin-mixing of ~. If n is in a pure I = O ntnte, the exit
channels can only couple to I = 1/2 and the cross section of these
two reactions should be identical (after the correction of Coulomb
interaction in the entrance channels), However, if fl●cqul.reaan
I - 1 component through isoepin mixing, the cross section of thase
two rest.ti~nacould be different enough to be observed.

High energy pions can ●lso be uae to produce other heavy
‘3 of the binary reactionamc>~onso The integrated croaa aectiona

n-p + p~ and n-p + n-n are shown in Fig. 12. It is clear that higher
energy machineal such as the proposed kaon factorias, are required to
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ross section of the n-p + pn and
m p + ~“n react iona.

provide intenee hf5h energy pion beams. We tv?lievethat the study ~f
short-lived heavy mesons is one of the many important subjects to be
pursued at such accelerators.
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